Abstract This paper presents a convenient method for the preparation of referential standards 25 for high-performance liquid chromatography (HPLC) used in stereospecific analysis of triacyl-26 sn-glycerols via monoacylglycerol or diacylglycerol intermediates. In the analysis, these partial 27 acylglycerols are separated into their respective positional and enantiomeric isomer classes by 28 chiral HPLC as their 3,5-dinitrophenylurethane derivatives or by silicic acid HPLC as their (S)-29 or (R)-1-(1-naphthyl)ethyl urethane derivatives. In this study, these urethane derivative 30 standards were synthesized by the following novel procedure: first, partial urethane derivatives 31 of glycerol were prepared by carbamoylation of glycerol with isocyanates; secondly, the 32 products were separated into positional isomer classes by silicic acid HPLC, and; finally, a fatty 33 acid was added to the partial urethanes using N,N'-dicyclohexylcarbodiimide. The identities of 34 the resulting urethane derivatives of glycerol were verified by mass spectrometry and HPLC. 35
Introduction 45
One of the most fundamental lipid analytical techniques is fatty-acid analysis of the sn-1, sn -2, 46 and sn-3 positions of triacyl-sn-glycerols (TAG)-so called stereospecific analysis of TAG [1] . 47 isolated using boric acid TLC from the products of partial degradation of tripalmitoylglycerol 99
by reaction with ethylmagnesium bromide [2] . 100
Partial Carbamoylation of Glycerol with Isocyanates 102
The glassware used in this step were preliminarily dried over a flame and cooled in a desiccator 103 to room temperature. 104
Glycerol mono-and di-3,5-DNPU derivatives (3a-8a). To a 10 mL screw-capped test 105 tube were added dry glycerol (1; 0.12 mmol = 11.0 mg), dry toluene/dry pyridine (10:3, v/v; 1 106 mL), and 3,5-dinitrophenyl isocyanate (2a; 0.06 mmol = 12.5 mg). The solid block of 107 isocyanate was crushed after its addition to the reaction mixture to prevent it from being 108 exposed to the atmospheric moisture. The test tube was allowed to stand at room temperature 109 for 1 h in the dark. After 1-propanol (10 μL) was added to stop the reaction (with standing for 110 10 min), the solvents were removed in a stream of nitrogen. The products were dissolved in 1 111 mL of ethanol. 112
Glycerol mono-and di-(S)-or (R)-1-(1-naphthyl)ethyl urethane derivatives (3b,c-8b,c). 113
To a 10 mL screw-capped test tube were added dry glycerol (1; 0.06 mmol = 5.5 mg), dry 114 toluene/dry pyridine (10:3, v/v; 2 mL), 4-DMAP (4 mg), and (S)-or (R)-1-(1-naphthyl)ethyl 115 isocyanate (2b,c; 0.12 mmol = 23.7 mg), and held at 50 °C overnight in the dark. After 1-116 propanol (10 μL) was added to stop the reaction (with standing over 10 min), solvents were 117 removed under a stream of nitrogen. The products were dissolved in 1 mL of chloroform. 118 and 0.165 μmol = 50 μg for mono-urethanes), a solution of 4-DMAP (0.03 μmol = 3.7 μg) in 124 carbon tetrachloride (0.2 mL), and a solution of DCC (1.1 molar equivalent of fatty acids) in 125 carbon tetrachloride (10 μL). After the mixture was stirred at room temperature for 2 h, 1-126 propanol (10 μL) was added to stop the reaction. The solution was filtered through a small 127 cotton-wool plug. The solvents were removed in a stream of nitrogen. The products were 128 dissolved in 0.1 mL of chloroform. 129
HPLC 131
Silicic acid HPLC separation of the glycerol urethane derivatives (3-8) was carried out with a 132
Hitachi L-6200 pump (Hitachi, Tokyo, Japan), a Shimadzu CTO-10ASvp column oven 133 (Shimadzu, Kyoto, Japan), a Jasco 875-UV/VIS detector (Jasco, Tokyo, Japan), and a Shimadzu Partial carbamoylation was conducted with various glycerol/isocyanate ratios. A portion of the 185 products was analyzed by silicic acid HPLC. Figure 2 shows the absolute yield (mg) of each 186 isomer, which was determined using the calibration plots of peak areas vs. known amounts of 187 mono-and di-urethanes. The yields of glycerol mono-urethanes were higher at a higher 188 glycerol/isocyanate ratio. 189
The yields of di-urethanes were highest at a glycerol/isocyanate ratio of 2 in the reaction 190 with 3,5-dinitrophenyl isocyanate (Fig. 2a) isocyanates needed a lower proportion of glycerol to the reagents. Reactivities of 1- naphthyl)ethyl isocyanates were found to be lower than that of 3,5-dinitrophenyl isocyanate. 
